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Abstract. Thediffractive programof theCDF Collaborationat theFermilabTevatron p̄p Collider
is reviewedwith emphasisonrecentresultsfrom Run-II andfuture prospects.
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Diffractive p̄p interactionsarecharacterizedby thepresenceof at leastonelargera-
pidity gap,definedasa region of pseudorapidity [1] devoid of particles.A diffractive
rapidity gap,which may be forward (adjacentto a leadingnucleon)or central,is pre-
sumedto beformedby theexchangeof a Pomeron [2], which in QCD is a color singlet
quark/gluon objectwith vacuumquantumnumbers.Diffractionin which thereis ahigh
momentum-transferpartonicscatteringin theeventin addition to therapiditygapis re-
ferredto ashard diffraction. In this paper, we briefly review the resultson diffraction
obtainedby theCollider Detectorat Fermilab(CDF) in Run-I (1992-1995),presentan
updateof resultsfrom Run-II, which is in progress,anddiscussfutureprospects.

RUN-I RESULTS

In additionto measuringp̄p elastic,singlediffraction(SD), andtotal crosssectionsat�
s � 540 and 1800GeV, CDF studiedseveral soft and harddiffraction processesat

1800GeV, andin somecasesat
�

s � 630GeV [3]. Soft processesstudiedinclude:

DD DoubleDiffraction p̄p � X � gap� Y
DPE DoublePomeronExchange p̄p � p̄ � gap� X � gap� p
SDD Single � DoubleDiffraction p̄p � p̄ � gap� X � gap� Y

In harddiffraction CDF measuredSD dijet, W , b-quarkandJ � ψ, DD dijet, andDPE
dijet production.Schematicdiagramsandeventtopologiesfor representative processes
areshown in Fig. 1.
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FIGURE 1. Schematic diagramsandη-φ topologiesof representative diffractive processesstudiedby
CDF. Theshadedareasrepresentregions of pseudorapidity in whichthereis particleproduction.



Two types of hard diffraction resultswere obtainedin Run-I: diffractive to non-
diffractive crosssectionratios using the rapidity gap signatureto selectdiffractive
events and diffractive to non-diffractive structurefunction ratios using a RomanPot
Spectrometer(RPS)to triggeron leadingantiprotons.Theresultsexhibit regularitiesin
normalizationandfactorizationpropertiesthatpoint to theQCDcharacterof diffraction
(see[3]).

At
�

s � 1800GeV, theSD/ND ratios(gapfractions)for dijet, W , b-quark,andJ � ψ
production, as well the ratio of DD/ND dijet production, are all � 1%. Theseratios
aresuppressedrelative to standardQCD inspiredtheoreticalexpectations(e.g. 2-gluon
exchange)by a factorof � 10, which is comparableto thatobservedin soft diffraction
relative to Reggetheoryexpectations.This suppression representsa severebreakdown
of QCD factorization.It is, however, interestingto note that except for the overall
suppression in normalizationfactorizationapproximatelyholdsat fixed

�
s.

Another interestingaspectof the Run-I resultsis that ratiosof two-gapto one-gap
crosssectionsfor bothsoftandhardprocessesappearto obey factorization.This feature
of the dataprovidesboth a clue to understandingdiffraction anda tool for diffractive
studiesusingprocesseswith multiple rapiditygaps[4].

RUN-II PROGRAM

The goal of the Run-II diffractive programof CDF is twofold: (a) to obtain results
that could help decipherthe QCD natureof the Pomeron,suchasdependenceof the
diffractivestructurefunction(DSF)onQ2, xB j, t, andξ (fractionalmomentumlossof the

diffractednucleon),and(b) to measureexclusiveproductionrates(dijet, χ 0
c , γγ), which

could to beusedto establishbenchmarkcalibrationsfor exclusive Higgsproductionat
LHC [5]. Preliminaryresultsfrom datacollectedat

�
s � 1 � 96 TeV confirmtheRun-I

DSFresults[3, 7]. New in Run-II arethemeasurementof theQ2 dependenceof theDSF
obtainedfrom dijet productionandlimits onexclusiveproductionrates.
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FIGURE 2. (left) Ratioof SD/∆ξ p̄ over ND ratesobtainedfrom dijet dataat various Q2 ranges;(right)
ratio of dijet massto total mass“visible” in thecalorimetersfor dijet productionin events with a leading
antiproton within 0 ' 3 ( ξ p̄ ( 0 ' 1 andvarious gaprequirementson the protonside: (triangles)no gap
requirement,(opencircles)gapin 5 ' 5 ( η ( 7 ' 5, and(filled circles)gapin region 3 ' 5 ( η ( 7 ' 5.



The diffractive structure function

In Fig. 2 (left), the ratio of SD/ND rates,which in LO QCD and at fixed xB j is

equalto the ratio of the correspondingstructurefunctions,shows no appreciableQ2

dependence.This resultwas foreseenin the renormalizationmodel [8], in which the
diffractive structurefunction is basically the low-x (x ) ξ ) structurefunction of the
diffractednucleon.More dataarecurrentlybeinganalyzedto improve the statistics of
thismeasurement.

Data are at hand and analysesare in progressfor the measurementof the t, ξ ,
and flavor dependenceof the DSF using dijet, W , and J � ψ production.In addition,
factorizationwill be testedmore accuratelythan in Run-I by comparingthe DSFs
obtainedfrom dijet productionin SD andDPE.

Exclusive production

Exclusive dijet production

Thesearchfor exclusivedijet productionis basedonmeasuringthedijet massfraction
M j j, definedasthe massof the two leadingjets in an event dividedby the total mass
reconstructedfrom all the energy observed in all calorimeters.Fig. 2 (right) shows
M j j distributionsfor eventswith differentselectioncriteria.Thesignalfrom exclusive
dijets is expectedto beconcentratedin theregion of R j j * 0 � 8, with valuesof R j j ) 1
being causedby measurementresolutioneffects and final stateradiation.Of course,
backgroundeventsfrom inclusiveDPEproduction,p̄p �,+ p̄ � gap -.� JJ � X � gap, are
expectedto contributeto theentireM j j region.
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FIGURE 3. (left) Dijet productioncrosssectionsfor R j j D 0 ' 8 in DPEeventsasa function of E min
T , the

ET of thenext to thehighestET jet; (right) theratio of b-taggedto all jets in theDPEdijet eventsample
versusthedijet massfraction.

Sincenopeakis observedatR j j * 0 � 8 in Fig. 2 (right), CDFreportsproductioncross
sectionsfor eventswith R j j * 0 � 8, which could be usedasupperlimits for exclusive
production. Figure3 (left) shows suchcrosssectionsfor variouskinematic cutsplotted
versusEmin

T , thenext to leadingjet ET . Thesecrosssectionsagree,within errors,with



recentpredictionsfor exclusive dijet production[5]. Thus,for thesepredictionsto be
correct,thebackgroundwould have to vanishasR j j � 1. While this is guaranteedby
the Jz � 0 selectionrule for leadingordergg � qq̄ jets of mq )E) M jet , Monte Carlo
(MC) simulationsareusedto dealwith thedominantgg � gg process.To avoid using
simulationsqq̄ eventscouldbeusedto estimatethebackgroundandthis couldbedone
usingdijet eventsin which at leastoneof the jets is b-tagged.Figure3 (right) shows
theratioof b-taggedto inclusivedijet eventsversusdijet massfraction.A suppressionis
observedasM j j � 1, aswouldbeexpectedif therewereexclusivedijetsin thesample.
However, backgroundstill mayexist from thegluonsplitting processgg � g � g +F� bb̄ - .
This backgroundcould be practically eliminatedif both jets were requiredto be b-
tagged.Presently, more data are being collectedwith an unprescaledb-taggeddijet
trigger to yield a large sampleof double-b-taggeddijet eventsto measurethe ratefor
exclusiveproductionin a low backgroundenvironment.

Exclusive χ0
c production

CDF hasreportedan upper limit of 49 G 18 (stat) G 39 (syst) pb for exclusive χ 0
c

production from a searchfor J � ψ � γ eventsfrom p̄p � p̄ � χ0
c +H� J � ψ � γ � µµ �

γ -I� p. Theoreticalpredictionsof � 70 pb have recentlybeenrevisedto � 50 pb [5].
Moredata,collectedwith adedicatedtrigger, arecurrentlybeinganalyzed.

CONCLUSIONS

A comprehensive programof measurementsof thediffractive structurefunctionandof
exclusivediffractiveproductionis currentlyunderwayatCDFaimingatdecipheringthe
QCD natureof diffractionandat providing benchmarkcalibrationsfor estimating rates
for diffractiveHiggsproductionat theLHC.
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